The phospholipids and lipopolysaccharide of Aeromonqs hydrophila were characterized. Phosphatidylethanolamine and phosphatidylglycerol were the major phospholipid components. The outer membrane contained more phosphatidylethanolamine and less phosphatidylg!ycerol than the inner membrane, and the phospholipids of the outer membrane contained a higher proportion of saturated fatty acids. Only four fatty acids (C14:0, C16:0, C16:1, and C18:l) were found in the phospholipids. The lipopolysaccharide of A. hydrophila did not contain the eight-carbon sugar 3-deoxyoctulosonic acid nor did it contain C16:0, both of which are typical constituents of the lipopolysaccharide of many other species.
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Despite considerable recent interest in Aeromonas spp., the properties of the members of the genus are poorly documented. This is especially true of the motile aeromonads (Aeromonas hydrophila, Aeromonas punctata, and Aeromonas sobria) which have not been satisfactorily classified (1, 19) . Phospholipids are major structural and functional components of the cell envelope of all bacteria, and lipopolysaccharides (LPS) are imnportant components of the outer membrane of gram-negative species. Analysis of bacterial lipid composition, and particularly determination of the fatty acid composition of both phospholipids and LPS by gas-liquid chromatography, have provided very useful information for the microbial chemotaxonomist (22, 32) .
A. hydrophila is an opportunistic as well as a primary pathogen of a variety of aquatic and terrestrial animals including humans. It is a prolific producer of extracellular degradative proteins and toxins including proteases (25, 34) , phospholipases (23) , hemolysins (6, 9, 35) , a leucocidin (31) , and an enterotoxin (2) . Because of its export ability, we have suggested that A. hydrophila may be useful in studies of the mechanism of extracellular export by gram-negative bacteria, and we have recently described pleiotropic export mutants of this species which accumulate extracellular proteins in the periplasm (16) .
In this communication we describe the phospholipid, fatty acid, and LPS components of A. hydrophila.
A. hydrophila Ah65 was grown in 200-ml volumes of the defined medium of Riddle et al. (29) in 2-liter flasks shaken at 250 rpm in a New Brunswick Gyrotory shaker. The inoculum was 1% (vol/vol) of an overnight culture containing 2 x 109 to 5 x 109 viable cells ml-'. Unless otherwise specified, the growth temperature was 30°C. Growth was measured as optical density at 650 nm. Cells were harvested in late exponential phase at a density of approximately 109 cells per ml by centrifugation (6,000 x g, 10 min) and washed once with isotonic saline. They were treated with 70 ,ug of lysozyme per ml and 10 mM EDTA and disrupted in a French pressure cell, and inner and outer membrane fractions were isolated on discontinous sucrose gradients essen- Extraction of bacterial lipids was carried out with freezedried whole cells or washed cell pellets by the procedure of Folch et al. (15) . Phospholipids were separated by chromatography on boric acid-impregnated Silica Gel G (Merck) in the solvent system chloroform-methanol-water (95:35:5, vol/vol/vol). Neutral lipids were separated with Silica Gel G-coated plates and petroleum ether-ether-acetic acid (90:10:1). Lipids were recovered by scraping and extraction as described by Arvidson (3) . LPS was extracted from freeze-dried whole cells with phenol by the method of Westphal and Jann (33) . Methyl esters of total lipid extracts or of individual phospholipids were prepared by transmethylation with sodium methoxide. Methyl esters of LPS preparations were made with methanolic HCl (10). Pentadecanoic acid or methyl pentadecanoate was added as an internal standard. The esters were separated and identified with the aid of authentic standards (Supelco) on 10%o DEGS-PS on Supelcoport and on 3% SP-2100 DOH on Supelcoport, using a Varian 1700 gas chromatograph. Peak areas were determined by triangulation or with a Varian CDS III integrator.
Phospholipid phosphate was measured by the method of Bartlett (4). Total carbohydrate was determined as described by Dubois et al. (14) , and total protein was determined by Peterson's modification of the method of Lowry et al. (27) . Uronic acid was estimated by the method of Bitter and Muir (7), methyl pentose was determined as described by Dische and Shettles (13) , and heptose was measured by a published procedure (36) . The method of Karkanis et al. (20) was used to measure 2-keto-3-deoxyoctonate (KDO).
Phosphatidylethanolamine (PE), phosphatidylglycerol (PG), and cardiolipin were the only phospholipids detected under the growth conditions used (Table 1) . PE was the major component, and cardiolipin was less than 5% of the total phospholipids. The fatty acid composition of the (28) with Escherichia coli, PE contained proportionally less C18:1 than did PG.
Envelopes separated into two distinct bands on a discontinuous sucrose density gradient. The upper band (d = 1.18) contained the complex protein pattern characteristic of inner or cytoplasmic membranes, and the lower band (d = 1.21) had the relatively simple pattern of outer membranes (24) . The activities of marker enzymes confirmed the separation of inner and outer membranes. The specific activity of NADH oxidase was much higher in the inner membrane, whereas the outer membrane was enriched in phospholipase ( Table 3 ). The phospholipid and fatty acid compositions of both fractions were analyzed. The outer membrane contained proportionally more PE than the inner membrane, in agreement with the results reported for several other species (12, 26, 28) . In addition, the phospholipid of the outer membrane was more saturated, containing lower amounts of C16:1 and C18:1. Koplow and Goldfine (21) a Expressed as milligrams per micromole of total P except for total fatty acid which is mole per mole of total P and individual fatty acids which are moles percent. (24) , there was no detectable KDO in the LPS. Several authors have reported that KDO is absent from Vibrio cholerae (17, 18) , and its presence has not been clearly demonstrated in Vibrio parahaemolyticus (11). Jann et al. (18) have suggested that the acid-labile linkage between lipid A and the polysaccharide of V. cholerae LPS may be from a fructofuranose residue. The inability to detect KDO in Vibrionaceae LPS may be a distinguishing property of the family. The fatty acid composition of the LPS was very similar to that reported for E. coli and Salmonella typhimurium (30) except that no C16:0 was detected. Only three fatty acids, C12:0, C14:0, and C14:OH, were observed, and the ratio of C14:OH to the other two was about one to one.
LITERATURE CITED
